Geographical and Temporal Correlations in the Incidence of Lyme Disease, RMSF, Ehrlichiosis, and Coccidioidomycosis with Search Data Journal of Investigative Dermatology (2015 Dermatology ( ) 135, 1903 Dermatology ( -1905 doi:10.1038 /jid.2015 published online 9 April 2015 TO THE EDITOR Public health initiatives depend on timely data collection and dissemination of information. Recently, digital surveillance systems using "big data" such as internet search metrics, or online news stories, have predicted disease outbreaks such as severe acute respiratory syndrome 2 months before publication by World Health Organization and reported on a strange fever in Guinea 9 days before the official information release on the current Ebola epidemic in West Africa (Anema et al., 2014; Milinovich et al., 2015) . Surveillance systems using search metric analyses such as Google Trends (GT) have shown promise in tracking influenza in real time, faster compared with traditional data collection on influenza, which typically lags 12-14 days behind (Ginsberg et al., 2009) .
Epidemiological studies using search metrics assume that those falling ill with a particular disease will search for it online and the volume and geographical location of such searches can be interpreted as a proxy for disease incidence and location. Initial flaws in methodology resulted in an overestimation of influenza incidence due to search queries being overly influenced by media publicity rather than disease activity (Lazer et al., 2014) . Newer algorithms are now being tested that take better account of such confounding factors (Santillana et al., 2014) , and GT can now show major news stories on the same time line. Indeed, some emergency departments have demonstrated that such data may successfully be used to predict staffing and vaccine stocking needs (Araz et al., 2014; Thompson et al., 2014) .
Although increasingly used in other fields of medicine, "big data" has so far seen little use in dermatology. In this study, we use GT to identify the geographical and seasonal trends in three tickborne diseases, (Lyme disease, ehrlichiosis, and Rocky Mountain spotted fever (RMSF)) and one fungal disease, (coccidioidomycosis). Such diseases are highly relevant to dermatologists who may be the first ones to diagnose them via their cutaneous manifestations ( Supplementary Table  S1 online). We then compare this with traditional Center for Disease Control (CDC) data on actual disease events, which we hypothesized will correlate with search data and thereby demon-strate the utility of this resource for tracking and predicting these dermatologically relevant infectious diseases.
Tickborne diseases are most prevalent in the summer months ( Figure 1 ) because of the life cycle of the tick vector and the increase in human outdoor activities (Dana, 2009; Shapiro, 2014) . We demonstrated a correlation between monthly Google search frequency and the actual seasonal incidence of the tickborne diseases (Lyme r = 0.69, Po0.0001; ehrlichiosis r = 0.59, Po0.0001; RMSF r = 0.46, Po0.0001; Table 1 and Supplementary Materials and Methods online). Unlike the tickborne diseases, coccidioidomycosis does not have a seasonal incidence peak according to the CDC data. Fittingly, our analysis showed only a LETTERS TO THE EDITOR Abbreviations: CDC, center for disease control; GT, Google Trend weak seasonal correlation (r = 0.4169) between GT and CDC data (Table 1) . This result is likely due to the much larger data set we have analyzed, allowing even subtle correlations to be elicited. If we reduce our data to look at only 1 year, all of the tickborne seasonal data remain significant (Po0.05, for 2012 only), but coccidioidomycosis data then does not reach statistical significance (e.g., P = 0.14; 2012 analyzed alone). Tickborne diseases are restricted to the habitat of the tick vector-Lyme disease cases are most prevalent in the northeast and upper Midwest states corresponding to the habitat of the Lyme vector Ixodes scapularis. The soil-dwelling fungus coccidioidomycosis is prevalent in the southwestern United States (Welsh et al., 2012) . Accordingly, we demonstrated a geographical correlation between the states with the most searches for the specific infectious disease and states having the most reported new infections (for year 2012 in order of decreasing correlation: Lyme r = 0.74, Po0.0001; RMSF r = 0.64, Po0.0001; coccidioidomycosis r = 0.48, P = 0.0173; ehrlichiosis r = 0.32, P = 0.03; Table 1 and Supplementary Materials and Methods online).
CDC infectious disease data have a typical 1-2 week reporting lag (Ginsberg et al., 2009; Lazer et al., 2014) . GT has the potential to predict disease outbreaks closer to real time. In fact, when GT was dynamically recalibrated by combining it with CDC forward projected data (based on a 2-week lag), it was more predictive of influenza incidence than CDC or GT alone (Lazer et al., 2014) .
As climate change alters the distribution of the Lyme disease vector, the black-legged tick (Feria-Arroyo et al., 2014; Ogden et al., 2014) or the host of the tick, the white-footed mouse, Peromyscus leucopus, (Roy-Dufresne et al., 2013) cases of Lyme disease are spreading to new locales (Robinson et al., 2014; Wang et al., 2014) . In areas not normally affected by Lyme, "big data" may serve as a warning system that alerts physicians that disease may be extending into their area. Such clinical tips may allow earlier diagnosis and treatment and therefore lower morbidity in such diseases.
The methodology presented here has been subject to significant criticism (Lazer et al., 2014) . For one, correlations do not indicate causality and the clinical relevance of weak correlations (such as some presented here)
is subject to question. Confounding factors include search term selection and search algorithm updating by Google in accordance with their business model. Media publicity may explain the stronger correlations found with Lyme disease.
Correlations using search terms for uncommon conditions, such as the other diseases in this analysis, have not previously been reported in search metric analyses and may be a better representation of the true correlation rate. In fact, our findings may suggest a role for public health campaigns on less common conditions to facilitate following and tracking epidemics.
The correlation of this historical data suggests that big data mining using GT may be a useful resource in understanding the links between climate and infectious disease. In addition, it may prove useful in predicting disease outbreaks to help with emergency preparedness and resource distribution. In the future, we hope for more options in daily data extraction and more precise location information. We propose that a more ideal big data platform would be a research tool not tied to a company core business model and may allow for integration of traditional data sources such as CDC data.
